
74 Phytologia (March 21, 2019) 101(1) 

Composition of the leaf volatile terpenoids of Pinus mugo Turra from Bulgaria 
compared with oils from other regions. 

Robert P. Adams 
Biology Department, Baylor University, Waco, TX 76798 robert_adams@pbaylor.edu 

and 

Alexander N. Tashev 
University of Forestry, Dept. of Dendrology 

10, Kliment Ochridsky Blvd., 1797 Sofia, Bulgaria 

ABSTRACT 

The volatile leaf oil of Pinus mugo, Bulgaria, is composed of 66 components (with numerous 

additional trace compounds) with large amounts of 6-3-carene (24.6%), B-phellandrene (16.7%), a-pinene 

(11.0%), and lesser concentrations of B-pinene (2.7), terpinolene (3.9), bornyl acetate (4.2), (E)- 

caryophyllene (5.3), germacrene D (1.7), a-cadinol (1.1), palustral (1.0). The leaf volatile oil of P. mugo 
from Bulgaria is quite similar to oils from other Balkan populations as per the literature. However, an 

analysis from P. mugo oil from central Italy was quite different from P. mugo from the Balkans, 

indicating the need for additional research on P. uncinata leaf oils. Published on-line 
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Pinus mugo Turra has been treated as composed of two subspecies: subsp. mugo and subsp. 
uncinata (Raymond) Domin (Chrsitensen 1987) or as two species: P. mugo and P. uncinata (Richardson 

1998). Pinus mugo subsp. mugo 1s distributed in northern Italy into the Balkans and in eastern Europe 
and P. uncinata is distributed from the Alps, southwestward into France and Spain with hybridization 
between the subspecies in the zone of contact in the central European alps (Richardson, 1998). 

The volatile leaf essential oils (terpenes) of P. mugo have been analyzed from Italy (Bambagiotu 

and Vincier1 1972; Venditti et al. 2013, Table 1), Macedonia (Karapandzova et al. 2011; Slovenia 

(Bojovic et al. 2016, Table 1); Sar Mountains (Mitic et al. 2017, Table 1) and cultivated, Cambridge 
Botanic Gardens (Ioannou et al. 2014). The volatile oil of P. uncinata (P. mugo subsp. uncinata) has been 

reported from central Italy (Venditti, et al. 2013) and from cultivated trees in Poland (Celinski et al. 2015, 
Bonikowski et al. 2015). 

Several other papers cited P. mugo volatile analyses, but samples were obtained from cultivated 

materials of unknown source, and thus, not of interest in this study of geographical variation in P. mugo 

subsp. mugo. 

MATERIALS AND METHODS 

Leaf samples collected: Pinus mugo subsp. mugo, common at edge of a meadow, near forest by 

Pinus peuce and P. heldrichii with Juniperus communis. Bulgaria, 47° 45' 52.8" N, 23° 25' 22.6" E., 1838 
m. Bulgaria, Coll. Alex Tashev 1-5, 12 June 2018, Lab Acc. Robert P. Adams 15495, 15496, 15497, 

15498, 15499. Voucher specimens are deposited in the herbarium, Baylor University. 
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Gently dried leaves (100g, 40 - 45°C) were steam distilled for 2 h using a circulatory Clevenger- 

type apparatus (Adams, 1991). The oil samples were concentrated (ether trap removed) with nitrogen and 

the samples stored at -20°C until analyzed. The extracted leaves were oven dried (100°C, 48 h) for 
determination of oil yields. 

The oils were analyzed on a HP5971 MSD mass spectrometer, scan time 1/ sec., directly coupled 

to a HP 5890 gas chromatograph, using a J & W DB-S, 0.26 mm x 30 m, 0.25 micron coating thickness, 

fused silica capillary column (see Adams, 2007 for operating details). Identifications were made by 
library searches of the Adams volatile oil library (Adams, 2007), using the HP Chemstation library search 

routines, coupled with retention time data of authentic reference compounds. Note that limonene and B- 

phellandrene elute as a single peak on DB-5, but their amounts can be quantitated by the ratio of masses 
68, 79 (limonene) and 77, 93 (B-phellandrene). Quantitation was by FID on an HP 5890 gas 

chromatograph using a J & W DB-S5, 0.26 mm x 30 m, 0.25 micron coating thickness, fused silica 
capillary column using the HP Chemstation software. 

RESULTS AND DISCUSSION 

The composition of the volatile leaf oil of Pinus mugo subsp. mugo from Bulgaria is given in 

table 1. The volatile leaf oil contains large amounts of 6-3-carene (24.6%), B-phellandrene (16.7%), and 
a-pinene (11.0%), with moderate concentrations of B-pinene (2.7), terpinolene (3.9), bornyl acetate (4.2), 

(E)-caryophyllene (5.3), germacrene D (1.7), a-cadinol (1.1) and palustral (1.0). This compositional 

pattern seems common in the Balkan populations (Slovenia, Kosovo, Table 1). However, the putative P. 

mugo subsp. mugo from central Italy (Table 1, Venditti et al. 2013) has a very different terpene profile 

with 6-3-carene (0.8%), B-phellandrene (1.2%), and a-pinene (trace) being very small, as well as 

numerous other components being different (Table 1). This suggests the central Italy population may be 

P. uncinata (P. mugo subsp. uncinata). Recently, Boratynska et al. (Fig. 1, 2015) reported the natural 

ranges of P. mugo and P. uncinata, but subsequent morphological analyses revealed the central Italy P. 

mugo population to be P. uncinata (Fig. 5, Boratynska et al. 2015). Celinski et al. (2015), using head- 
space to analyze the oil of P. uncinata (cultivated in Poland, natural source not reported), so their results 

are not exactly compatible with steam distilled oils compositions (Table 1). However, coupled with the 

morphological analysis of Boratynska et al. (2015) that indicates the central Italy population is most like 
P. uncinata, 1t may be that the central Italy oil (Table 1) 1s that of P. uncinata. Additional research is 

needed to resolve this. 

Variation among the individuals in the Bulgaria, P. mugo population (Table 2) is moderate with 

ranges of: 6-3-carene (19.8 - 28.2%), B-phellandrene (12.8 - 21.6%), a-pinene (7.3 - 17.1 %), B-pinene 
(1.7 - 3.3), terpinolene (3.1 - 4.6), bornyl acetate (1.6 - 8.9), (E)-caryophyllene (4.2 - 6.8), germacrene D 

(0.4 - 2.9), germacrene D-4-ol (1.2 - 3.3) and palustral (0.6 - 1.5). No chemotypes were apparent. 

In conclusion, the leaf volatile oils of P. mugo from Bulgaria were quite similar to those from 

other Balkan populations reported in the literature (Table 1). 
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Table 1. The leaf oil constituents of Pinus mugo from Bulgaria compared with other analyses on the 

volatile leaf oils. Compounds in bold face vary among locations. Compositional values less than 0.1% 
are denoted as traces (t). Unidentified components less than 0.5% are not reported. KI is the Kovat's 
Index using a linear calculation on DB-5 column. Note: P. uncinata analysis was based on head space 

volatiles (Celinski, et al. 2015), so it is not exactly compatible with the other steam distilled oils’ 
compositions. 
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Kl compound Bulgaria Kosovo Kosovo Sar Mtns. | Slovenia Cambridge} uncinata uncinata 
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'Hajdari et al. 2015; *Mitic et al. 2017; *Bojovic et al. 2016; “Ioannou et al. 2014; °Venditti et al. 2013; 
°Celinski, et al. 2015. 
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Table 2. Variation in constituents of the leaf volatile oil of P. mugo subsp. mugo in a population in 
Bulgaria. 
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